Creatinine and specffic gravity (relative density) measurements both allow differences in urine concentration to be taken into account in determining urine cotinine concentrations. In this study we demonstrate that the variance of urine cotinine measurements is reduced comparably when either creatinine or specific gravity measurements are used for correction. This reduction in variability improves the correlation between urine cotinine measurements and clinical endpoints. In this study, the clinical endpoints were pulmonary function in a population of nonsmoking children with asthma, 42% of whom were reported to have been exposed to environmental tobacco smoke. When corrected by either creatinine measurements or specific gravity values, the urine cotinine measurements performed as well or better than reported exposure (and comparably 
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Measurements
of biochemical products in urine are often adjusted to account for the influence of hydration. Such adjustments have traditionally relied on creatinine measurements in the sample being assayed, the final values being expressed as a ratio of the biochemical product to creatinine. Expressing the measurements in these terms assumes a proportional relation between the product being measured and creatinine.
In 1990, Thompson et a!. (1) found that urine cotinine and creatinine concentrations were not proportional and recommended that studies involving these types of measurements examine the relation between the analytes directly so that appropriate corrections can be made. The basis for this recommendation was the finding of an improved correlation between cotinine concentrations in matched serum and urine samples in a study population of smokers, when the observed relation between cotinine and creatinine was used in place of the ratio.
In a recent study of environmental tobacco smoke exposure in nonsmoking children with asthma, we confirmed the applicabffity of Thompson's approach for correcting the urine cotinine measurements, using creatinine measurements to reflect hydration (2 We therefore evaluated whether specific gravity (relative density) measurements in urine samples from children with asthma could provide information equivalent to that from creatinine measurements.
Patients and Methods
The study population, described in greater detail elsewhere, consisted of 199 nonsmoking children who came to a group allergy practice for routine care (2). The study had been approved by the institutional review boards of the Foundation for Blood Research and the Maine Medical Center.
The accompanying parent agreed to take part in the study and answered questions about household and daycare exposure to environmental tobacco smoke. The children provided urine samples and, if old enough to cooperate (164 of the children), performed a series of breathing maneuvers to allow assessment of pulmonary function. Records on all of the children were reviewed in blinded fashion to determine the number of acute asthma exacerbations during the 12 months preceding enrollment.
Children exposed to environmental tobacco smoke by parental report had more acute asthma exacerbations and lower pulmonary capacity than nonexposed children. Substituting urine cotinine measurements (corrected for creatinine)
for parental report to define exposure demonstrated similar patterns, but gave more linear dose-response relationships, in most cases. The present study involving specific gravity measurements represents an extension of these earlier analyses. We measured cotinine as described previously SpecIfic Gravity (kg/L) tween urine cotinine concentrations and either creatinine or specific gravity in the 116 children reportedly not exposed to environmental tobacco smoke. The cotinine-creatinine correlation is defined by a second-order polynomial curve, whereas the cotinine-specific gravity correlation is log-linear. The reduction in the variance of urine cotinine measurements by correction by either creatinine or specific gravity values was 46%. ship is also more consistently apparent.
Discussion
Data from this study provide evidence that specific gravity measurements can be used in place of creatinine measurements to account for variability in hydration when measuring cotinine in random (untimed) urine for specific gravity is sufficient to justify its use in research studies as well. The comparability found between creatinine and specific gravity in this study suggests the possibility of broader application.
The validity of adjusting measurements of any given urine product by specific gravity measurements can be easily assessed by examining the correlation and analyzing the variance of that product's concentrations before and after appropriate correction.
